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Introduction: The use of a secondary titanium insert has a beneficial influence on the stability of
ceramic abutments and appears to be clinically useful for premolar and molar single-tooth
replacements. Available titanium inserts in the market produced by Sirona, have a single height of
4.6mm with various platform diameters for different implant systems. The aim of this in-vitro
study was to determine the fracture strength of IPS-e.max CAD hybrid abutment crowns with
various crowns heights by simulating cyclic masticatory loads in vitro.
Materials and Methods: Forty conical AstraTech EV dental implants, 4.2 mm in diameter and
9.0 mm in length were embedded 30 degree off-axis in acrylic resin blocks. Five groups
(n=8/group) were designed to simulate the following treatment modalities for an implant crown
#3i; Group 1 (control): Atlantis abutment and milled cemented zirconia crown with the dimensions
of 11mm height, 10mm mesiodistal, 11mm buccolingual. Group 2: Atlantis CustomBase solution
vi

with milled cemented zirconia crown with the exact same dimensions as group 1. Groups 3, 4, 5:
CAD/CAM hybrid abutment crown (TiBase) with the same mesiodistal and buccolingual
dimensions as group 1 and different heights of the crown which were 11mm for group 3, 13mm
for group 4, and 15mm for group 5. Implant position and wax-up crown were scanned with the
Omnicam intraoral scanner. Lithium disilicate glass ceramic blocks (IPS e.max) were used to mill
the full contour crowns in a milling machine. 100N mechanical cyclic loading at 30 degree offaxis was applied to the palatal cusps of each specimen for 250,000 cycles. Then, all survived
specimens were loaded at the same angle in the universal testing machine with dislocation speed
of 0.5 mm/min which increased from 0 to1000N or when fracture or deformation occurred.
Removal torque value was measured after mechanical cyclic loading as well as compressive
loading. A mixed-effects general linear model was employed for comparison among five groups.
R-Studio and R 3.2.2 were used for all statistical analysis, and significance was accepted at p <
0.05.
Results: All TiBase groups did not demonstrate any significant difference in the amount of
reduction in removal torque values before and after compressive loading, compared to control
group (CBS). Furthermore, in the two-by-two comparison, the difference between TiBase 11mm
and 15 mm was statistically significant (p value: 0.048). The fracture resistance ranged from
673.24-759.77 N for group 5, and 809.1-994.28 N for group 4. Different pattern of failure occurred
for TiBase groups after compressive load test including plastic deformation of TiBase, screw
bending, screw fracture, and ceramic fracture.
Conclusion: Under the limitations of this study, Lithium disilicate hybrid implant supported
restorations (IPS e.max CAD hybrid-abutment-crowns) with various crown heights including
11,13,15 mm did not fail during the estimate of 1-year chewing simulation. Under 1000N

vii

compressive load, all of the 15mm and most of the 13mm crowns failed, demonstrating the
significant effect of the TiBase height on final fracture strength and survival of the crowns.
Additional laboratory and clinical studies are needed to study the effect of the various titanium
base design and abutment characteristics on the fracture strength of the complete structure.

Key words: CAD hybrid abutment crown, crown height, fracture strength, IPS e.max CAD,
lithium disilicate, removal torque, TiBase.
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Chapter 1: Introduction

1.1. Background

Dental rehabilitation of the missing or lost teeth by means of an implant-supported single crown
is a predictable treatment option with survival rate ranges between 89% and 94% for 10 years.1
The implant abutment material seems to be of importance for ensuring a high-quality attachment
between the mucosa and the abutment surface.2 To date, various abutment materials including
titanium, zirconia, gold and alumina components were proposed for implant-supported single
crowns and proved to be biocompatible and allow for a healthy mucosal attachment.1,3-7

1.1.1. Materials in Implant abutments
Considering the absence of a periodontal ligament structure in the interface between dental
implants and bone, implant structures are perpetually exposed to extensive forces during function
which can negatively influence the survival and incidence of complications.8 Various abutment
materials, such as titanium, gold, alumina, and zirconia are available in the market and therefore,
the clinician can choose the appropriate abutment material for each clinical condition.4,6,7 Dental
implants and abutments are generally made of commercially pure titanium due to its
biocompatibility and high physical properties.9,10

1.1.1.1. Titanium Abutments
Pure titanium or titanium alloys are frequently used material in dentistry.11 Titanium abutments
were traditionally selected considering their distinct mechanical properties.12 In general, this is due
1

to its excellent strength, resistance to corrosion and superior biocompatibility.13 Other advantages
of titanium abutments are supporting gingival health and preventing a galvanic reaction between
the fixture and the abutment.14 Clinical studies have shown excellent survival rates for fixed
implant reconstructions supported by titanium abutments.15,16

However, titanium abutments might compromise optimal mucogingival esthetics by displaying an
unnatural grayish discoloration through thin soft tissues.17,18 Compared to zirconia abutments,
titanium has demonstrated increased resistance to cyclic loading and lower bending moments.19
Overall, titanium abutments offer higher fracture loads compared to that of ceramic abutments.19,20

Various methods have been developed to achieve better esthetics with titanium abutments. One
method is through the process of anodization. In this technique, the titanium abutments are inserted
in an electrolytic solution and processed with a positive electric probe.21 By applying a voltage,
electrons are deposited onto the titanium surface, producing a titanium dioxide layer. A titanium
oxide layer can reflect visible light and is more esthetic compared to a titanium surface. 21 Another
method is by titanium nitride coating. A titanium nitride layer is a type of hard ceramic. This layer
is fabricated by the direct interaction of nitrogen and titanium, through a process called physical
vapor deposition.22 This coating not only allows for a yellow coating of the abutment, but it also
increases the surface hardness and minimizes the corrosion and wear of the material.22

2

1.1.1.2. All ceramic abutments
All ceramic implant abutments prevent showing unnatural metallic color through the gingiva and
are more acceptable for the patient receiving implant treatment in aesthetic zones with high or
gummy smile lines.23-25 Among all ceramic abutments, zirconia abutments became the most
commonly used in the esthetic zone due to acceptable biomechanical, mechanical and also optical
properties.25-29 Zirconia is highly biocompatible and causes less inflammatory responses compared
to other restorative materials.24

Zirconia (ZrO2) is a crystalline dioxide of zirconium material that is often mixed by yttrium-oxide
as a stabilizer to be used for dental restorations.11 It is organized into different formations including
monoclinic, cubic, and tetragonal. The transition between these different crystalline forms may
cause an expansion of the ceramic structures and weakening them by introducing the cracks.24

Another complexity of application of zirconia material in dentistry is their production procedure.
The production of zirconia crowns and abutments are often through soft machining and sintering
at later stages. The sintering step prevents stress induced phase transformation from tetragonal to
monoclinic in zirconia.30 However, sintering of the zirconia not only changes the density, but it
also changes the grain size and fatigue strength of the material.30 When the zirconia blank is
sintered, they are subject to approximately 22% shrinkage and therefore the data set for the milled
zirconia blocks must be larger to compensate for the sintering process.31

In general, available clinical evidences support the usage of zirconia abutments.32-34 Although
zirconia abutments have esthetic benefits over titanium abutments, a one-piece zirconia abutment
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has reduced fracture resistance compared with a titanium abutment.35,36 These fractures might
often begin with a crack or micro porosity in a single location, which propagates under cyclic
loading of oral environments.37 One prospective study demonstrated that over a 36 to 44 months
follow-up, no screw-loosening or abutment fracture was found, leading authors to conclude that
zirconia abutments were comparable to other types of esthetic abutments.38 Another study
compared fracture loads of zirconia abutments and found them to be considerably higher than those
generated by maximum biting forces.39

The different mechanical properties of the titanium implant and zirconia abutment can be of
concern at the implant-abutment interface.40 Fracture at the apical part is another mentioned
clinical shortcoming of these types of abutments.41 Tightening the abutment prior to seating it
completely generates high internal stresses which can lead to a fracture.42 When breakage occurs
patients require immediate attention, especially in aesthetic areas. With a delay of more than a few
hours the soft tissue will have closed over the implant. These unscheduled appointments are
difficult to manage and the costs to replace the restorations are high.43 Zirconia also causes wear
at the internal connection of the implant.44 Despite the development of all ceramic abutments,
titanium abutments, which have been used for many years, still represent the gold standard choice
of implants in posterior region due to their high mechanical strength and predictability.45

In order to overcome these problems, Titanium insert was recently introduced to the market.
Titanium insert (TiBase) is an implant-specific prefabricated insert which connects the implant
and the ceramic abutment. The TiBase is cemented to the zirconia or e.max abutment of crown out
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of the mouth and this complex is screwed into the implant. Some advantages of using the TiBase
are better esthetics, not dealing with subgingival cement residue, and being cost-effective.23

1.1.2. Prefabricated versus custom-made abutments
Abutments with different materials could also be made either as prefabricated or custom-made
abutments fabricated with computer-aided design and computer-aided manufacturing
(CAD/CAM) technology. Use of individually customized abutments allow a better control over
the design of the abutment, development of the gingival scalloping and also facilitate the removal
of cement remnants in cement-retained restorations.46,47 In order to fabricate a custom abutment,
transfer impression copings are used to make either a tissue or a bone-level impression of the
implant. Prefabricated abutments is a machine-made abutment that is treated mostly like a
conventional post-and-core restorative treatment procedure. Although custom-made abutments are
more efficient, they are very costly compared to prefabricated abutments. The use of the
prefabricated abutment reduces both the number of visits and cost. Therefore, it should be carefully
assessed as a valid available option for restorations.48

In order to make a decision on the usage of either prefabricated or custom-made abutments not
only should the clinician consider the cost of the future restoration, but also the clinical situation
of the implant should be evaluated carefully. There are some contraindications in the usage of
prefabricated abutments including:
1) Insufficient interocclusal space for the abutment
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2) An angle of correction greater than 15º is required. This angle could be evaluated
visually by having the shaft of the probe exit the center of the implant and assessing the
relationship of this probe with the opposing dentition.
3) The collar height is more than 1mm greater than the largest available collar height
provided by the manufacturer (the distance between the implant platform and the gingival
margin)
4) The requirement of splinting three or more implants when parallelism is required.
If the decision has been made to use a prefabricated abutment, the data regarding the diameter of
the implant platform, the collar or cuff height all around the implant, the interocclusal height and
requirement regarding straight or angled abutments should be recorded.49 If a custom abutment is
treatment planned, the size of the platform of the implant is recorded based on the information
received from the referring surgeon. For custom-made abutments, an impression coping is selected
based on an open or closed tray design.

1.1.3. Computer-Aided Design/ Computer-Aided Manufacturing
Computer-aided design (CAD) and computer-aided manufacturing (CAM), has been developed
and utilized in many fields of dentistry. From a dental perspective, CAD/CAM was originally
developed to fabricate high quality restorations.50 The other applications of CAD/CAM are full
arch prosthetics and surgical guides, as well as dental implant abutments.51 Custom implant
abutment configurations fabricated by CAD/CAM can create an anatomically natural looking
superstructure by producing the anatomical emergence profile and the ability to correct implant
inclination for more ideal restoration positioning.52,53 CAD/CAM technology also could decrease
6

laboratory time and cost, as well as allowing for more properly supported restorations.52 Another
significant advantage benefit is that machining a titanium abutment allows for a homogenous mass
of material and therefore more optimal properties of final restorations.54 Furthermore, premachined abutment platforms demonstrate superior implant/abutment interface fit compared to
completely cast abutments.55 Success rates of custom abutments have been extensively
investigated in the literature. A randomized controlled clinical trial reported the success rate of
zirconia and titanium abutments supporting single-implant crowns to be 88.9% and 90%,
respectively in 5.3 years of follow up.56

There are a wide range of CAM machinable materials that could be used for single tooth or implant
restorations.57 The inserted loads are buffered in a single tooth restoration, considering the shockabsorbent properties of periodontal ligaments. However, in implant restorations, the loadings
forces are directly transferred to bone and therefore, applied restorative materials are more prone
to mechanical in vivo complications including chipping and fractures.58 The CAD/CAM technique
also provides precise fit of the intended prosthetic design, reduces the cost of the procedure and
eliminates dimensional inaccuracies due to conventional waxing and casting techniques.59

The precisely fitting implant abutment improves implant longevity and prosthetic success and
simplifies the restoration.53,59 Although titanium inserts (two-piece abutment) has the advantage
of being cost-effective and time-saving, there are not enough studies about the indication of a
titanium insert with IPS-e.max CAD hybrid abutment crowns.

7

1.1.4. Hybrid abutment crown and IPS CAD e.max hybrid abutment
Hybrid abutment crowns are characterized by combining an abutment and a monolithic ceramic
crown in one piece (Figure 1-1). IPS e.max CAD hybrid abutment is an efficient two-in-one
solution made of lithium disilicate (LS2), which is directly luted to the TiBase. IPS e.max is a
lithium-disilicate system encompassing a wide range of dental products for various uses and
processing techniques.60 The manufacturer currently recommends IPS e.max Press and IPS e.max
CAD for laminate veneers, inlays/onlays, partial/full-coverage crowns, hybrid abutments/hybrid
abutment crowns and for FPDs not extending beyond second premolars.60 As the type of the
material is a glass-ceramic agent, lithium disilicate adds the advantages of possibility of using
adhesive luting agents for increasing retention, although it’s not required.

Other clinically advantages of this material are offering maximum esthetics 61, especially due to
the high translucency of lithium disilicate ceramic 62 and good mechanical properties 63 including
high fracture resistance 64, introduced the possibility of using lithium disilicate with titanium bases
as abutments. Some studies evaluated the application of lithium disilicate as an abutment
material.65 Lithium disilicate glass-ceramics provides strength, durability and efficiency,
particularly in the posterior region.66 Titanium inserts connect the abutment to the implant as a
prosthetic titanium base, similar to an external connection. This assembly avoid the weakest point
of the lithium disilicate abutment connection at the implant-abutment contact area in the internal
friction, while the assembly distributes the force of the internal friction connection.23
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Figure 1-1. Schematic picture of a hybrid abutment crown.

Elsayed et al. found that the use of a titanium base on maxillary right central incisors increases the
strength of zirconia ceramic abutments.67 They concluded that hybrid abutments and hybrid
abutment crowns made of lithium disilicate show favorable durability and strength after long term
dynamic loading in the chewing simulator. IPS e.max CAD hybrid abutment crowns are a new,
economically attractive alternative to conventional implant-supported restorations, where strength,
durability and convenient clinical handling matters.53

As mentioned earlier, recent CAD/CAM technology in addition to the modified hybrid designs
somehow changed the outcome of such restorations.65 Two general designs are possible; either a
hybrid abutment crown, where the abutment and crown are manufactured as one piece which will
be bonded to a titanium base and then screwed to the implant, or a hybrid abutment with a separate
crown, where the abutment is bonded to titanium base first, then screwed to the implant followed
by the cementation of an all ceramic crown on top of it (Figure 1-2). The clinicians’ and patients’
preferences are considered to choose between these two designs.

9

Figure 1-2. Schematic illustrations of (a) Hybrid Abutment crown, (b) Hybrid abutment with separate
crown (Ref: Nouh I, Kern M, Sabet AE, Aboelfadl AK, Hamdy AM, Chaar MS. Mechanical behavior of
posterior all‐ceramic hybrid‐abutment‐crowns versus hybrid‐abutments with separate crowns—A
laboratory study. Clinical oral implants research. 2019 Jan;30(1):90-8.).65

A recent studies evaluated the difference between the hybrid abutment crowns and the hybrid
abutments with separate crowns.67-70 Within the limitations of these studies, it could be concluded
that lithium disilicate abutments and hybrid-abutment–crowns show promising durability and
strength after long-term dynamic loading. The use of a titanium base enhances the strength of the
zirconia and titanium abutments.67-70

1.1.5. Internal connection of abutments
An internal friction connection connects an implant with an abutment by means of screw tightening
and friction occurring at the contact between the implant and the abutment. An internal connection
of an abutment can be obtained by means of a secondary metallic component (two-piece) or by the
abutment itself (one-piece).71 This internal friction connection provides closer contact with
implants and a more favorable force distribution than an external connection.72,73 The use of a
secondary titanium insert might have a beneficial influence on the stability of ceramic abutments
10

and appears to be clinically useful for premolar and molar single-tooth replacements.2
Furthermore, these titanium bases and implant platforms are synchronized, allowing a good fit and
force fit connections.74

Considering the mentioned drawbacks of all ceramic abutments compared to titanium abutments,
titanium bases were therefore developed to combine the advantages of having a titanium to
titanium connection and providing an esthetic abutment at the same time. The procedure of
bonding titanium bases to hybrid abutments requires specific surface treatment of each bonding
surface.2,65,75,76

Joo et al. evaluated the influence of the preparation depths on the fracture load of customized
zirconia abutments with a titanium insert.14 The fracture load of a group with less preparation depth
(0.5mm) was significantly higher than those groups with more preparation depth (0.7 and 0.9mm).
Sailer et al. reported that the internal implant-abutment connection types, including zirconia
abutments with a titanium insert, showed the highest strength, followed by external implantabutment connection types and a one-piece internal type, when artificial aging was not
conducted.77,78 Hyo-Jung et al. concluded that the use of a titanium insert to connect a zirconia
abutment to the implant within the internal friction connection can complement the low fracture
strength of the zirconia abutment while taking advantage of the esthetics of zirconia.23 In fact,
titanium inserts allow favorable force distribution and adequate protection of most fracture prone
points of the zirconia abutment connection (which is at the implant-abutment contact area in the
internal friction connection).
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Various bonding methods of zirconia/ceramics to titanium have been reported. However, limited
data is available on the retention of CAD/CAM glass-ceramic copings on secondary titanium
inserts.2

1.1.6. Atlantis CustomBase solution
The Atlantis CustomBase solution is a patient-specific screw-retained prosthetic restoration
consisting of an Atlantis Crown, an Atlantis Abutment and Atlantis Abutment screw intended for
use with an endosseous implant. The Atlantis CustomBase solution, is available with:
•

Atlantis Crown (cut-back or full-contour with screw access hole)

•

Atlantis Crown File (cut-back or full-contour with screw access)

•

Atlantis Core File (with screw access location)

This solution is different compared to a cement-retained restoration. The abutment and crown, part
of the unique Custom Base solution, are designed at the same time and should be regarded as one
unit, like an Atlantis Crown Abutment. The crown with a screw access channel is cemented to the
Atlantis Abutment extra-orally by the dental laboratory or the clinician, to create a screw-retained
restoration.79

CustomBase solution is designed with customized emergence profile, which is specifically
important for esthetic cases with limited space from implant level to up to the marginal gingiva.
The abutment material is either in titanium or gold-shaded titanium. The crown with a screw access
channel is then cemented to the Atlantis Abutment extra orally to create a screw-retained
12

restoration. Self-adhesive resin cement is used for bonding of zirconia to the titanium surface. The
screw channel is sealed to prevent trapping cement material into the channel. Sandblasting of
Atlantis abutments is not indicated as they have a retentive surface by default. Especially
sandblasting is contraindicated on gold-shaded titanium surfaces, as the shade is only a thin layer
that will disappear if sandblasted.

1.1.6.1. Atlantis® CustomBase solution with Atlantis® Core File
This type of solution restoration consists of an Atlantis Abutment, an Atlantis screw and an
Atlantis Core File with screw access location. Atlantis Core File is a digital file of the outer surface
of the Atlantis Abutment. The preferred software is used to import the core file by laboratory
technicians. The core file includes additional information regarding the location and diameter of
the screw access channel. The crown created from the Atlantis Core File should be cemented to
the Atlantis Abutment extra-orally and function as a screw-retained restoration (Figure 1-3).

Figure 1-3. Schematic illustration of steps involved in Atlantis® CustomBase solution with Atlantis®
Core File.

13

1.1.6.2. Atlantis® CustomBase solution with Atlantis® Crown
This type of solution restoration consists of an Atlantis Abutment, an Atlantis screw and an
Atlantis Crown with screw access hole. The crown can be ordered as a cut-back crown or as a fullcontour. The same as the crown created from the Atlantis Core File, the Atlantis CustomBase
solution with the Atlantis crown should be cemented to the Atlantis Abutment extra-orally and
function as a screw-retained, single-tooth restoration (Figure 1-4).

Figure 1-4. Schematic illustration of steps involved in Atlantis® CustomBase solution with Atlantis®
Crown.

1.1.7. Hybrid abutment crown with various heights of crowns
The manufacturer (Sirona) claims that in order to use the titanium insert (TiBase) for two-piece
abutments, the restoration length should be equal or less than a ratio of 1:1.25 in comparison to
the length of the implant and the angulation of the restoration should be less than 20° to the implant
axis. Moreover, good oral hygiene, sufficient space availability, and the absence of parafunctional
habits like bruxism are other limiting factors to use a titanium insert.80
14

Currently, available titanium inserts in the market produced by Sirona, have a single height of
4.6mm with various platform diameters for different implant systems (Figure 1-5).80 However,
following the significant ridge resorption for most of the implant-supported crowns, the height of
the implant crown is usually longer than the height of the natural tooth crown and sometimes it is
more than double the size of the TiBase. As mentioned in the literature, the greater the crown
height, the greater the lever arm force that can be applied to abutment-implant interface.36 Hence,
it is important to evaluate the effect of this variable on the survival rate of the implant crown, and
the TiBase as a result of normal chewing forces.

4.6mm

Figure 1-5. Schematic view of Dentsply Sirona TiBase

Although already clinically used, the performance of an IPS-e.max CAD hybrid abutment crown
with various heights of the crown in the posterior region, lacks scientific data on their clinical
reliability. Laboratory tests including thermal cycling and mechanical cyclic loading might provide
long term mechanical performance of these restorations under fatigue loadings. Therefore,
laboratory and clinical studies are needed before safe clinical recommendations can be made. If
these relationships can be determined, then clinicians will understand the indication of the CAD
hybrid abutment crown for posterior restorations. In other words, what would be the maximum
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height of the CAD hybrid abutment crown based on a 4.6mm available height of the Dentsply
TiBase.

1.2. Purpose of the Study

The aim of this in-vitro study was to evaluate the fracture strength of IPS-e.max CAD hybrid
abutment crown by increasing the height of the crown in a maxillary first molar area.

1.3. Specific Aims

The overall aim of this in-vitro study was to evaluate the fracture strength of IPS-e.max CAD
hybrid abutment crown (Titanium insert and the ceramic crown) by increasing the height in a
maxillary first molar area.
Specific aims
1- To measure and compare the removal torque value following mechanical cyclic loading and
compressive load test of Atlantis CustomBase solution group and Hybrid abutment crown with
different crown heights.
Hypothesis 0: The removal torque value in Hybrid abutment crown with different crown
heights is equal with Atlantis CustomBase solution.
Hypothesis 1: The removal torque value in Hybrid abutment crown with different crown
heights is less than Atlantis CustomBase solution.

2- To measure and compare the fracture strength of Atlantis abutment group, Atlantis
16

CustomBase solution group and Hybrid abutment crown with different crown heights.
Hypothesis 0: The fracture strength in Hybrid abutment crown with different crown
heights is equal with Atlantis abutment and Atlantis CustomBase solution.
Hypothesis 1: The fracture strength value in Hybrid abutment crown with different crown
heights.is less than Atlantis abutment and Atlantis CustomBase solution.

3- To measure and compare the frequency and mode of various failure patterns of Atlantis
abutment group, Atlantis CustomBase solution group and Hybrid abutment crown with
different crown heights.
Hypothesis 0: The frequency and mode of various failure patterns fracture strength in
Hybrid abutment crown with different crown heights is equal with Atlantis abutment and
Atlantis CustomBase solution.
Hypothesis 1: The fracture strength value in Hybrid abutment crown with different crown
heights is different from Atlantis abutment and Atlantis CustomBase solution.

1.4. Null Hypothesis (H0)
The null hypothesis is that the length of the crown will not affect the removal torque value,
fracture strength and failure mode of IPS-e.max CAD hybrid abutment crown.

1.5. Alternate Hypothesis (H1)
The alternative hypothesis is the removal torque value, fracture strength and failure mode of the
IPS-e.max crown will be related to the height of the crown.
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Chapter 2: Materials and Methods
2.1. Sample Size Calculation

The statistical software R 3.2. was used for the power analysis. To demonstrate a standardized
effect of 0.20, with a statistical power of at least 1-β = 0.80 and an alpha of 0.05, a sample of 8
specimens per group were enrolled in the study.

2.2. Specimen preparation

For simulating the posterior implant situation replacing tooth #3, forty conical dental implants
(AstraTech EV, Dentsply, Sweden), 4.2 mm in diameter and 9.0 mm in length, were connected to
impression copings (Implant Pick-up 4.2; AstraTech EV, Dentsply, Sweden) by using a dental
surveyor to verify the vertical position of the implants. The assemblies were embedded in autopolymerizing resin acrylic block (JetTooth acrylic, Lang Dental Mfg. Co. Inc., USA) in a metal
brass holder, which was inclined by 30 degree off-axis relative to the loading rod.23 The acrylic
resin was allowed to completely polymerize over 24 hours (Figure 2-1). Preparation of specimens
were based on ISO Standard 14801: 2007 (International organization for standardization (ISO)
(2007). Dentistry – Implants – Dynamic fatigue test for endosseous dental implants. Geneva,
Switzerland: Standard nr 14801-2007(E).65
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Figure 2-1. 30 degree off axis mounting of the dental implant in resin acrylic block, using a dental
surveyor.

For the purpose of this study, the specimens were standardized except for the restoration height,
which differed between the test groups. Five groups of CAD/CAM restorations (N=8/group)
were designed to simulate the following clinical procedures (Figure 2-2).

•

Group 1 (control): Atlantis abutment and cemented zirconia crown (TZ-3Y, TOSOH,
USA) with the dimensions of 11mm height, 10mm mesiodistal (MD), 11mm buccolingual
(BL).

•

Group 2: Atlantis CustomBase solution and cemented zirconia crown (TZ-3Y, TOSOH,
USA) with the exact same dimensions as control group (11mm height, 10mm MD, 11mm
BL).

•

Group 3: Hybrid abutment crown with the height of 11mm and all other dimensions are
the same as control group (10mm MD, 11mm BL).
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•

Groups 4: Hybrid abutment crown with the height of 13mm and all other dimensions are
the same as control group (10mm MD, 11mm BL).

•

Group 5: Hybrid abutment crown with the height of 15mm and all other dimensions are
the same as control group (10mm MD, 11mm BL).
(1)
Atlantis Abutment &
11mm crown

(2)
CustomBase Solution
& 11mm crown

40 samples
N: 8/group

(3)
TiBase & 11mm
crown

Cyclic
loading

Compressive
loading

Evaluation
under light
microscope

(4)
TiBase & 13mm
crown
(5)
TiBase & 15mm
crown

Figure 2-2. Flowchart of the sample distribution used in the study.

2.3. Digital impression/ Digital crown design
Full contour crowns were designed and waxed up for crown #3 as follows (Figure 2-3):
For groups 1 (control) and 2 as follows;
•

Height 11mm,

•

Mesiodistal diameter at the occlusal table and cervical area 10mm,

•

Mesiodistal diameter at the height of contour 11mm,

•

Buccolingual diameter at occlusal table and cervical area 11 mm,

•

Buccolingual diameter at height of contour 12 mm.

20

•

Height of contour of the crown will be designed at the middle of occlusogingival and
buccolingual height of the crown.

In groups 3, 4, and 5, all dimensions will be the same as group 1, except the height of the crown
which will be 11mm in group 3, 13 mm in group 4, and 15 mm in group 5.81
Implant positions and wax-up implant crown were scanned with the intra-oral scanner (Cerec
Omnicam, Sirona, Dentsply, Sweden) using the Atlantis CAD/CAM scanbody (Sirona, Dental
Systems GmbH, Febrikstarbe, Germany) (Figure 2-4). The STL file was sent to Atlantis to mill
the abutments for groups 1 and 2, based on the dimensions of the final crown. 2mm space was
created on the occlusal, buccal, lingual, mesial and distal of the abutment for IPS. e.max crown
which was tapered to 1mm when it was close to the margin of the abutment. (Figure 2-5).

Figure 2-3. Full contour wax-up of the maxillary right first molar implant crown
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Figure 2-4. Omnicam scanner

Figure 2-5. Titanium Custom abutment and CustomBase Solution

2.4. Fabrication of the crowns
Lithium disilicate glass ceramic blocks (IPS e.max, Ivoclar Vivadent, Schaan, Liechtenstein) were
used to mill the full contour crowns in a milling machine (Cerec, MCXL normal speed, Sirona,
Dentsply, Sweden). Parameter settings including margin thickness, adhesive gap, and spacer were
set to 0.00 μm. (Note that when the system parameter of the spacer is set to 0 μm it actually defaults
to 100 μm). Milling burs were changed after 6 millings, to prevent bur breakage during milling
process based on manufacturer’s recommendation.
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For groups 1 and 2, zirconia crowns were milled at the Atlantis Company based on the provided
wax-up crown. All milled crowns were polished, and heat-treated. The accurate fit of all crowns
on the titanium insert (TiBase, Dentsply Sirona, Cerec/inLab, Germany), Atlantis abutment and
CustomBase solution were evaluated under light microscope magnification (X10). The titanium
base Surface treatment was performed using air abrasion with 50μm alumina particles at 2.5 bar
at 10 mm distance according to manufacturer’s instruction (Table 2-1).67

The screw channels of the TiBase abutments were sealed with Examix (NDS heavy body, GC
America). Monobond Plus (Ivoclar Vivadent, Schaan) was applied to the clean bonding surface of
the TiBase and allowed to react for 60 seconds. After the reaction time, any remaining residue was
dried with compressed air which was free from water and oil.66

For lithium disilicate hybrid abutment crowns, according to the manufacturer’s instructions,
crowns were cleaned in an ultrasonic bath and dried with oil-free air. The bonding surface is etched
with 5% hydrofluoric acid gel (IPS Ceramic Etching Gel, Ivoclar Vivadent, Schaan) for 20
seconds. Subsequently, the bonding surface was thoroughly rinsed under running water and dried
with water and oil-free air. Monobond Plus was applied on the cleaned bonding surface and
allowed to react for 60 seconds. After the reaction time, the remaining residue was dried with
water- and oil-free air (Table 2-1).66 For zirconia crowns, the inner surface of the crowns was
cleaned with 5% hydrofluoric acid for 20 seconds prior to cementation.
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Table 2-1. Surface treatment of interfaces before bonding for different groups.
Crown

50 μm Al2O3 at 2.5 bar at 10 mm
distance + Monobond Plus for 60 s

Atlantis CustomBase
solution
Atlantis Abutment

50 μm Al2O3 at 2.5 bar at 10 mm
distance + Monobond Plus for 60 s
50 μm Al2O3 at 2.5 bar at 10 mm
distance + Monobond Plus for 60 s

CADemax

Abutment

TiBase Abutment

Zirconia

Groups

5% hydrofluoric acid etching for 20 s +
Monobond Plus for 60 s
cleaned with 5% hydrofluoric acid for
20 s
cleaned with 5% hydrofluoric acid for
20 s

A thin layer of self-curing resin cement (Multilink Hybrid Abutment, Ivoclar Vivadent, Schaan)
was used for cementation of the zirconia crowns in group 1 and 2, and hybrid abutment crowns in
groups 3 to 5. A disposable brush was used to carry and apply the cement to the titanium insert
and the internal surface of the abutment crown. The abutment crown was placed manually onto
the abutments and the TiBase using finger pressure. The excess cement found around the samples
was removed with a brush. Subsequently, the parts were tightly pressed together for 5 seconds.
Excess in the screw channel was carefully removed with a micro-brush, using rotary movements.
Glycerin gel was applied to the cementation joint to prevent the formation of an air-inhibited layer
and left there for 7 minutes until the end of the setting time. The same procedure was done to
cement zirconia crowns to the Atlantis abutments and Atlantis customBase solutions.

2.5. Assembly of the crown-implant complex
A brand-new calibrated torque meter with an accuracy of 0.1 Ncm (Lutron TQ-8800, Taiwan) was
used to ensure that the desired torque was delivered during tightening. The crowns were torqued
to the implant to 25N.cm as recommended by the manufacturer (Dentsply) (Figure 2-6). After 10
minutes, the screws were retightened to prevent preloaded screw loosening (Figure 2-7).
24
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Following the assembly of the specimens, they were stored in 37 °C distilled water for 48 hours
before testing to ensure that the resin cement had completely polymerized.82-84

Figure 2-6. Assembled specimen were torqued on the implant to 25 N.cm as recommended by the

15
mm

13
mm

11
mm

manufacturer.

Figure 2-7. Assembly of the hybrid abutment crown into the implant in test groups
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2.6. Mechanical cyclic loading
Each group was subjected to 250.000 cycles of mechanical cyclic loading in a cyclic wear tester
(Leinfelder type, Boston Gear, 1.0 HZ, USA). The parameters were set to simulate a maximum of
one year of function in the oral cavity for an all ceramic crown.85 A load of 100 N loads was
applied using a flat 12mm metal spherical piston as an antagonist, to the palatal cusps of the IPS
e.max and zirconia crowns during dynamic loading while in distilled water. The loading point was
at the 30° angle palatal cusp slope (Figure 2-8).

Figure 2-8. Assembled specimens being cyclically loaded at 30-degree angle to the palatal cusps.
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2.7. Fracture Test
The specimens that survived during mechanical cyclic loading were untorqued and the removal
torque was recorded. Then they were torqued to 25 N.cm again and subjected to fracture strength
test in a universal testing machine (Instron 8841, serial number 40353, dynamic rating 1000 N,
Norwood, MA, US) A compressive force was applied by a steel sphere with the diameter of 40mm
on the palatal cusps of the specimen at the 30-degree angle with dislocation speed of 0.5mm/min
and increased from 0 to maximum amount of 1000N. Data regarding fracture force were recorded
for each sample (Figure 2-9 and 2-10). 86

Figure 2-9. Schematic drawing of the compressive loading test, based on ISO 14801
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Figure 2-10. Compressive force applied by Instron machine at 30-degree angle to the long axis of the
tooth

2.8. Failure mode
The removal torque was recorded for all specimens. Periapical radiographs were made of each
specimen to observe the pattern of failure.67 Then all specimens were evaluated visually under
moderate magnification (38X) of the light-microscope (Olympus Stereo Microscope SZX7,
Japan) for failure analysis.

2.9. Statistical analysis
Frequencies and percentages were calculated for all categorical variables and descriptive statistics
including means and standard deviations were calculated for continuous measures. A mixed-
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effects general linear model was employed for comparison among the three groups. R-Studio and
R 3.2.2 were used for all statistical analysis, and the significance was accepted p < 0.05.87,88
•

Dependent variable: Fracture strength (N, Continuous)

•

Independent variables: Crown height (mm, continuous), Abutment type (Nominal)

•

Confounding variables: Buccolingual dimension of the crown (mm, continuous), mesiodistal dimension of the crown (mm, continuous), resin cement (nominal), crown material
(nominal)

•

Mortality: Not applicable

•

Experimenter Bias: Not applicable

•

Subject Bias: Not applicable
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Chapter 3. Results

3.1. Mechanical cyclic loading survival

All specimens survived the 250,000 cycles of mechanical cyclic loading. No specimens failed in
any subgroup of TiBase and Custom base solution groups. Therefore, all the specimens were
then subjected to compressive load test.

3.2. Removal torque values
The mean and standard deviation of removal torque values before and after cyclic loading and also
before and after compressive fracture test are presented in Table 3-1. The initial insertion torque
value was 25 N.cm on all samples based on the manufacturers’ recommendation.

Table 3-1. Mean and standard deviation of removal torque values (N.cm) of samples after cyclic
loading, and after compressive loading for each experimental group.

Groups

Removal torque after
cyclic loading (N.cm)
N1
8
8

Mean ± SD
N/A2
20.50 ± 2.88

Atlantis abutment
Atlantis CustomBase
solution (CBS)
TiBase 11mm
8
19.50 ± 2.33
TiBase 13mm
8
19.88 ± 2.10
TiBase 15 mm
8
14.00 ± 8.14
1
: Total number of samples on each group
2
: Not applicable

Removal torque after
compressive loading (N.cm)

(Min-Max)
N/A2
(14.00-23.00)

N1
8
8

Mean ± SD
N/A2
3.63 ± 3.29

(Min-Max)
N/A2
(1.00-9.00)

(15.00-22.00)
(17.00-23.00)
(2.00-25.00)

8
8
8

8.00 ± 4.41
6.13 ± 5.22
5.50 ± 4.99

(3.00-15.00)
(1.00-15.00)
(1.00-15.00)
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3.2.1. Before and after mechanical cyclic loading
The amount of removal torque value reduction following mechanical cycling loading is presented
at Table 3-2. The minimum and maximum amount of reduction was observed in the Atlantis
customBase solution (CBS) and the Tibase with 15 mm crown groups, respectively (Figure 3-1).

Table 3-2. Mean value of reduction in removal torque (N.cm) of samples before and after mechanical
cyclic loading for each experimental group.

Groups
Atlantis abutment
Atlantis customBase solution (CBS)
TiBase 11mm
TiBase 13mm
TiBase 15 mm
1
: Total number of samples
2
: Not applicable

N1

Mean

8
8
8
8
8

N/A2
4.50
5.50
5.13
11.00

Standard error 95% conf. Interval
(Min-Max)
2
N/A
N/A2
N/A2
1.62
7.83
1.17
1.62
8.83
2.17
1.62
8.45
1.80
1.62
14.33
7.67

3.2.2. Before and after compressive load test
The amount of removal torque value reduction following compressive load test is presented at
Table 3-3. The minimum and maximum amount of reduction was observed in the Tibase with
11mm crown and the Atlantis customBase solution (CBS) groups, respectively (Figure 3-1).
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Table 3-3. Mean and standard deviation of overall removal torque values reduction (N.cm) of samples
after compressive loading for each experimental group.

Groups
Atlantis abutment
Atlantis customBase solution
(CBS)
TiBase 11mm
TiBase 13mm
TiBase 15 mm
1
: Total number of samples
2
: Not applicable

N1

Mean Standard error

8
8

N/A2
21.37

N/A2
1.60

95% conf. Interval
(Min-Max)
N/A2
N/A2
24.66
18.09

8
8
8

17.00
18.88
19.50

1.60
1.60
1.60

20.29
22.16
22.79

13.71
15.59
16.21

35
30
25
20

Atlantis CustomBase
solution (CBS)

15

TiBase 11mm

10

TiBase 13mm

5

TiBase 15 mm

0
-5

Initial
Insertion
Torque

Removal
torque value
after
mechanical
cyclic loading

Secondary
Insertion
Torque

Removal
Torque value
after
compressive
loading

Figure 3-1. Mean removal torque value (N.cm) of samples initially, after mechanical cyclic loading,
before and after compressive load test for each experimental group.
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3.3. Pairwise comparison of reductions
Using a mixed-effects general linear model, the effect of mechanical cyclic and compressive
loading tests on different groups in the reduction of removal torque values were evaluated. Results
demonstrated a significant change in torque between groups 3 and 5. (C2 (7) = 156.66, p < 0.001)
(Table 3-4).
Table 3-4. Pairwise comparison in removal torque values reduction (N.cm) of samples
Groups

Mean
difference

TiBase 11 mm vs Custom base solution
TiBase 13 mm vs Custom base solution
TiBase 15 mm vs Custom base solution
TiBase 13 mm vs TiBase 11 mm
TiBase 15 mm vs TiBase 11 mm
TiBase 15 mm vs TiBase 13 mm

1.69
0.94
2.31
0.75
4.00
3.25

95% conf. Interval
Min
Max
2.29
5.66
3.04
4.91
6.29
1.66
4.72
3.22
7.97
0.03
7.22
0.72

P value
0.841
0.990
0.553
0.997
0.048*
0.174

3.3.1. Pairwise comparison of reduction torque value before and after mechanical cyclic loading
All Tibase groups did not demonstrate any significant difference in the amount of reduction in
removal torque values before and after mechanical cyclic loading, compared to the CBS group.
Furthermore, in the two-by-two comparison between the TiBase groups, there was not a significant
difference in reduction of removal torque value in this phase (p value> 0.05) (Table 3-5).
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Table 3-5. Pairwise comparison in removal torque values reduction (N.cm) of samples before and after
mechanical cyclic loading.

Groups

Mean
difference

TiBase 11 mm vs CustomBase solution
TiBase 13 mm vs CustomBase solution
TiBase 15 mm vs CustomBase solution
TiBase 13 mm vs TiBase 11 mm
TiBase 15 mm vs TiBase 11 mm
TiBase 15 mm vs TiBase 13 mm

1.00
0.63
6.50
0.38
5.50
5.88

95% conf. Interval
Min
Max
5.66
7.66
6.03
7.28
0.16
13.16
7.03
6.28
1.16
12.16
0.78
12.53

P value
1.000
1.000
0.063
1.000
0.246
0.154

3.3.2. Pairwise comparison of torque reduction before and after compressive load test
Table 3-6 demonstrates the difference between groups in the amount of torque reduction before
and after compressive load test. All groups (2, 3, 4, 5) demonstrated no significant difference in
the amount of reduction in removal torque values before and after compressive load test (p values>
0.05).
Table 3-6. Pairwise comparison in removal torque values reduction (N.cm) of samples before and
after compressive loading test.

Groups

Mean
difference

TiBase 11 mm vs Custom base solution
TiBase 13 mm vs Custom base solution
TiBase 15 mm vs Custom base solution
TiBase 13 mm vs TiBase 11 mm
TiBase 15 mm vs TiBase 11 mm
TiBase 15 mm vs TiBase 13 mm

4.38
2.50
1.88
1.88
0.63
5.88
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95% conf. Interval
Min
Max
2.28
11.03
4.16
9.16
4.78
8.53
8.53
4.78
7.28
6.03
0.78
12.53

P value
0.686
1.000
1.000
1.000
1.000
0.154

3.4. Compressive load test
The mean and standard deviation of Instron failure values are demonstrated in table 3-7. The screw
fracture resistance ranged from 673.24-759.77 N for group 5, and 809.1-994.28 N for group 4. No
screw fracture was observed in samples of groups 1, 2, 3 following 1000N Instron compressive
load.

Table 3-7. Mean, standard deviation and standard error of failed samples after compressive loading for
each experimental group

1

Groups

N1

Atlantis abutment
Atlantis customBase
solution (CBS)
TiBase 11mm
TiBase 13mm
TiBase 15 mm

0
0

Mean
Instron failure (N)
-

Standard
deviation
-

Standard
error
-

Range
(Min-Max)
-

0
4
2

886.25
716.50

79.69
61.18

39.84
43.265

809.1-994.28
673.24-759.77

: Number of fractured samples

3.5. Failure pattern
The pattern of failure for all groups is reported in Table 3-8. Modes of failure after compressive
load test were categorized into TiBase plastic deformation, screw bending, screw fracture,
adhesive failure and ceramic fracture.
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Table 3-8. Number and pattern of failure after compressive loading for each experimental group

1

Groups

N1

TiBase plastic
deformation

Screw
bending

Screw
fracture

Adhesive
failures

Ceramic
fracture

Atlantis abutment
Atlantis customBase
solution (CBS)
TiBase 11mm
TiBase 13mm
TiBase 15 mm
Total

8
8

0 (0%)
0 (0%)

0 (0%)
0 (0%)

0 (0%)
0 (0%)

0 (0%)
0 (0%)

0 (0%)
0 (0%)

8
8
8
40

2 (25%)
2 (25%)
7 (87.5%)
11(27.5%)

0 (0%)
1 (12.5%)
5 (62.5%)
6 (15%)

0 (0%)
3 (37.5%)
2 (25%)
5(12.5%)

0 (0%)
0 (0%)
0 (0%)
0 (0%)

0 (0%)
0 (0%)
1 (12.5%)
1 (2.5%)

: Total number of samples

3.5.1. TiBase plastic deformations
TiBase plastic deformation frequency was different among groups. The maximum number of
samples with plastic deformation of the TiBase was in group 5, which was the TiBase with 15 mm
crown height (7 samples; 87.5%). Group 3 and 4 demonstrated the same number of samples with
the TiBase plastic deformation (2 samples; 25%) (Figure 3-2). No TiBase plastic deformation was
observed in groups 1 and 2 (Table 3-6).

Figure 3-2. Digital image of a typical plastic TiBase deformation
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3.5.2. Screw bending and screw fracture
15% of the specimens showed bending of the screw after compressive load tests. The highest
number of samples with bent screws was in group 5 (5 samples, 62.5%). No screw bend or fracture
was observed in group 1, 2 and 3. Interestingly, screw fracture was more in group 4 (TiBase with
13mm crown height) compared to other groups (3 samples, 37.5%). Two samples demonstrated
screw fracture in group 5 (25%) (Figure 3-3).

Figure 3-3. Digital image of A. screw bending and B. screw fracture of samples.

3.5.3. Adhesive Failure and ceramic fracture
No adhesive failure between the titanium base and the ceramic superstructure were detected in any
experimental group. Ceramic superstructure fracture was only seen in one sample of group 5 at the
bucco-cervical margin, which was extended occlusally to the mid-buccal area of the ceramic
superstructures (Figure 3-4).
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Figure 3-4. Ceramic superstructure fracture at the bucco-cervical margin extended occlusally to midbuccal area.
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Figure 3-5 represents periapical x-rays of different patterns of failure, radiographically.

Figure 3-5. Representative periapical radiographs demonstrate different types of failures of samples. A.
Intact abutment in TiBase group with 11mm crown height (Group 3), B. Fracture of screw in TiBase group
with 13mm crown height (Group 4), C. Screw bending in TiBase group with 13 mm crown height (Group
4), D. Plastic deformation in TiBase group with 15mm crown height (Group 5).
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Chapter 4. Discussion
The null hypothesis that the crown height of IPS e.max hybrid abutment restorations would have
no effect on the fatigue, fracture resistance and mode of failure of the different implant supported
restorations was partially rejected as it was found that the crown height of the implant supported
restorations could have a significant effect on removal torque values and also recorded fracture
modes. Previous studies also demonstrated that the type and material of the abutments have
significant effects on the fracture resistance of hybrid abutments.65

No failure following chewing simulation (mechanical cyclic loading) was found in this study,
meaning that all hybrid abutment crowns survived mechanical cyclic loading of 250,000 cycles.
This might be due to the generally high fracture strength and fracture toughness of IPS e.max
crowns used in this laboratory study. This finding of the current study was in contrast to Guilherme,
Chung, et al. (2016) and Nouh et al (2019) who found that lithium disilicate abutments with
titanium bases failed after step stress fatigue loading.65,76 In the Nouh study, the failure in lithium
disilicate restorations following chewing stimulation were found in both the titanium bases and
ceramic superstructures.65 37.5% of lithium disilicate hybrid-abutment-crowns, (3 samples out of
8), had failure following chewing cycles.65 This contrast could be attributed to the different number
of cycles applied in each study. 1.2 million cycles of thermo-mechanical fatigue loading applied
in the Nouh study, which was about 5 times more than what we used in this current study.

In this current study, there was a non-significant reduction of removal torque values in the TiBase
groups following mechanical cyclic loading, compared to the CBS group (Table 3-4). Previous
studies reported that functional loading, such as repeating load, will gradually lead to the effective
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erosion of the preload of the screw joint and then decrease the reverse torque value.89 Various
factors including initial tightening torque value, implant system, and abutment screw material, the
presence of internal connectors and height of the abutment collar could significantly affect the
removal torque values.89-91

The overall reduction of removal torque value was only significant between group 3 and 5, which
were the TiBase with 11 and 15mm crown heights, respectively. There is no available evidence
regarding the effect of various crown heights on removal torque loss. The result of a recent study
of Siadat et al. in 2015, with the aim of the investigation on the effect of collar length on reduction
in removal torque after cyclic loading, demonstrated that an increase in height of the abutment
collar has significant influence on the torque loss of the abutment-implant screw after cyclic
loading.92 The main reason mentioned for this observation was increasing the cantilever length by
increasing the collar abutment height.92-95 It has been suggested that significant vertical ridge
resorption that has not been corrected with vertical ridge augmentation which may necessitate the
selection of longer abutments or longer collar abutment. This decision is based on the gingival
pocket depths, which would lead to an increased vertical cantilever. Although the TiBase and the
abutment height itself might affect abutment screw loosening, in the present study, the same
TiBase was used in all experimental groups. Therefore, any significant difference between groups
could be attributed to the indirect cantilever effect of various crown heights applied in this study.
As there was no significant difference between groups 4 and 5, (TiBase 13 and 15mm), it could be
concluded that the 2mm difference in the clinical crown height is not significant enough to make
a statistically significant difference in the amount of reduction of removal torque value between
these groups.
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No fracture was reported in zirconia crown groups (groups 1 and 2). This result is in accordance
with Elsayed’s study that zirconia with a titanium-based abutment cemented with a dual-cure resin
cement withstood mean loading forces up to 944N without fracture.68 Therefore, airborne-particle
abraded zirconia surfaces bonded to a titanium base possesses strong durability even after fatigue
loading. Furthermore, all restorations in all groups except group 5 showed high resistance to forces
generated in universal testing machines up to 1000N. Nonetheless, their value of the loading
resistance could not be reported as fracture strength as the test was completed before most of the
restorations fractured. As it was reported in previous studies, restorations with TiBases showed
high fracture resistance, exceeding 900N for most of the samples.67,68 This explains why the
combination of high strength lithium disilicate ceramic with the hybrid-abutment-crown design
was capable of withstanding these unrealistically high forces and transferring the load to the
weakest component, the implant-base connection, causing bending. These findings support what
has been addressed in a recently published systematic review, where the findings supported the
use of screw retained restorations.96 Previous studies comparing the fracture resistance of lithium
disilicate with zirconia hybrid abutment crowns demonstrated significantly lower fracture
resistance in lithium disilicate abutments.26,63 However, the median fracture load of lithium
disilicate groups were still higher than the reported maximum premolar masticatory force (222–
445N)97, but not the molar region which is around 900N.98

Titanium base plastic deformation was the most common failure mode at group 5, the TiBase with
15mm crown height. Titanium base and titanium abutment plastic deformation are considered the
most common failure mode in the previous studies of lithium disilicate hybrid abutment crowns

42

with the TiBase.67,68 No fractures were detected in the lithium disilicate restorations after chewing
simulation. Additionally, after a compressive load test, plastic deformation of the titanium base
and screws took place for most of the specimens. This finding can be attributed to the hybridabutment-crown material and design, thus enhancing the overall strength of the structure.65,76

4.1. Limitations and Further Studies

A limitation of this research effort was at the specimens were not thermally stressed, and they were
mechanically stressed to 250,000 cycles, which is equal to one-year clinical service. More longterm data is needed to evaluate the 5-year clinical service of these hybrid abutment crowns. Further
studies with different fatigue preparations representing various clinical conditions and also
different abutment heights and TiBase heights in a consistent vertical cantilever space are
recommended.
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Chapter 5: Conclusion

Under the limitations of this study, the following conclusions can be drawn:
1.

Lithium disilicate hybrid implant supported restorations (IPS e.max CAD hybridabutment-crowns) with various crown heights including 11, 13, and 15 mm did not fail
during the estimate of 1-year chewing simulation.

2.

Under 1000 N compressive load, all 15mm and most of 13mm crowns failed,
demonstrating the significant effect of the TiBase height on final fracture strength and
survival of the crowns.

Additional laboratory and clinical studies are needed to study the effect of the various titanium
base design and abutment characteristics on the fracture strength of the complete structure.
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